


CON TEN 


U Iv DER Under the skin 
THE SKIN LZ 


Find out more about the largest 
organ in your body 
» The heart 


Heart transplants 
Discover what happens in one of 
the most complex surgeries 


Wrinkles explained 


Moles 
What are these small skin blemishes? 


Sunburn 
Why do we turn red in the Sun? 


Kidney function 
How do your kidneys filter waste from the = 
blood to keep you alive? 


Kidney transplants we 


14 How the liver works 
Discover the ultimate multitasker 


The pancreas 


18 Inside the human stomach _ | 
How this amazing digestive organ stretches, 
churns and holds corrosive acid 


Exploring the small intestine Y = a 






x ” 


» Human respiration 


Find out how oxygen from the air is transported 
around the body 


t Your brain The heart 





Sunburn 12 Kidney transplants 


002 | How It Works 


4 How the liver works 


™ Inside the 
human stomach 





How It Works | 003 


“The top layers are actually dead 
keratin-filled cells which prevent 
water loss and provide protection” 











Under the skin 


Find out more about the largest organ in your body... 





Our skin is the largest organ in our bodies withan 1. Epidermis 3. Nerve ending 5. Subcutaneous tissue 
average individual skin's surface area measuring This is the top, protective Situated within the dermis, The layer of fat found in the hypodermis that 
around two square metres and accounting forupto _ layer. Itis waterproof and nerve endings allow ee . ieee to peer het loss ores 
16 per cent of total body weight. Itis made up of protects the body against sense temperature, paln an ee aoe 
eas, ‘ ‘ . UV light, disease and pressure. This gives us reserve energy source, 
three distinct layers. These are the epidermis, the dermis and 5 information on ouk 
a Pees dehydration among other eon 
the hypodermis and they all have differing functions. Humans things, environment and stops us 


are rare in that we can see these layers distinctly. hurting ourselves. 
The epidermis is the top, waterproofing layer. Alongside 

helping to regulate temperature of the body, the epidermis also 

protects against infection as it stops pathogens entering the 2. Dermis 


body. Although generally referred to as one layer, it is actually 















The layer that nourishes 


made up of five. The top layers are actually dead keratin-filled and helps maintain the 
cells which prevent water loss and provide protection against epidermis, the dermis 
the environment, but the lower levels, where new skin cells are houses hair roots, nerve 
produced, are nourished by the dermis. In other species, such cg ‘and sweat 


as amphibians, the epidermis consists of only live skin cells. In 
these cases, the skin is generally permeable and actually may 
bea major respiratory organ. 

The dermis has the connective tissue and nerve endings, 
contains hair follicles, sweat glands, lymphatic 
and blood vessels. The top layer of the 
dermis is ridged and interconnects 
securely with the epidermis. 

Although the hypodermis is not 
actually considered part ofthe skin, 
its purpose is to connect the upper 
layers of skin to the body's 
underlying bone and muscle. Blood 
vessels and nerves pass through this 
layer to the dermis. This layer is also 
crucial for temperature regulation, 
asit contains 50 per cent ofa healthy 
adult’s body fat in subcutaneous 
tissue. These kinds of layers are not 
often seen in other species, humans 
being one of few that you can see the 
distinct layers within the skin. Not 
only does the skin offer protection 
for muscle, bone and internal 
organs, butitis our protective 
barrier against the environment. 
Temperature regulation, 
insulation, excretion of sweat 
and sensation are just a few more 
functions of skin. 


R, 
































4. Pore 
Used for temperature 
regulation, this is 
where sweat is 
secreted to cool the 
body down when it is 
becoming too hot. 


How your 
skin works 


a : The skin is made of many more elements 
than most people imagine 








Baby-soft or oldand wrinkly, 
isthe largest organin the body 
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Bacteria thrive on You shed skin Skin varies drastically As we age, We have billions of 
Ls} ua8] md human skin every day! in thickness skin thins sweat glands 
Every square inch of skin has Every 24 hours, you will lose ‘Skin is around Imm thick on ‘Skin thins over time and Each square inch of 
an average of 32 million your uppermost layer of dead your eyelids, but on your feet begins to loosen, which is healthy skin contains close 
bacteria on it... no matter skin cells, helping to keep your this thickness increases to where wrinkles come from, to 650 sweat glands, which 
how many baths or showers skin fresh and clean and able 3mm, giving you much more and why people opt for plastic are essential for keeping 
a inis HEART you have a day! to breath. protection where needed. surgery in later life. you cool, 








million barrels of | 





YOUR The heart 


SUPERIOR AND INFERIOR 
VENA CAVA 

These large veins carry 
blood back to the heart from 
organs above and below the 
heart, respectively. This 
blood has already been 
stripped of its oxygen 
supply, and thus is a dark 
red or bluish colour. 







PULMONARY VEINS 

After the blood collects 
oxygen from the lungs, it 
returns to the heart via the 
pulmonary veins. 


LEFT ATRIUM 

Blood brimming with 
oxygen and other nutrients 
collects here. When the 
atrium contracts, the blood 
passes through the mitral 
valve and enters the left 
ventricle under pressure. 


LEFT VENTRICLE 
The left ventricle must 
send blood on a longer 
journey than the right 
ventricle, so it has thicker 
walls and uses about three 
times as much energy. 
Luckily, the left atrium’s 
contraction gives the left 
ventricle’s output a 20 per 
cent boost. 


RIGHT ATRIUM 
Blood from the 
vena cava enters 
this chamber of the 
heart, where it 
collects passively. 


TRICUSPID VALVE 

When the right atrium contracts, it 
pushes blood through the tricuspid 
valve, a one-way valve leading down 
into the right ventricle. 


‘What’s inside 
your heart 


Find out how your 
heart pumps blood 
ground your body 


RIGHT VENTRICLE 

Blood enters the right ventricle under pressure from the atrium’s 
contraction, giving it a boost much like the turbocharger in a high- 
performance car. The ventricle contracts and pumps blood through the 
pulmonary valve, into the pulmonary artery and toward the lungs. 
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e heart -a 
vital organ 


Your heart is a turbocharged double- 
pumping muscle that beats more than 40 
million times every year 


Not only does your heart do 
amazing things, it does so 
tirelessly, every minute of 
every day from the moment 
you're born (actually, even a bit before 
then) to the instant that you die. It 
weighs somewhere between eight and 
12 ounces - slightly more if you're male, 
less if you're female. Its sole purpose is to 
push blood through your circulatory 
system, providing crucial oxygen and 
other nutrients to all your organs. 

The heart is considered a double 
pump because the right half sends 
‘used’ blood to your lungs. There, the 
blood drops offa load of carbon dioxide 
and picks up some fresh oxygen, which 
you have helpfully provided by 
breathing. Then the oxygenated blood 
returns to the left half of the heart. This 
‘heart-to-lungs-to-heart-again’ trip is 
knownas pulmonary circulation. The 
left side of the heart then pumps this 
oxygenated blood to every organ in your 
body other than your lungs. Your brain, 
your skin, the muscles in your thigh, 
your spleen - they all get blood (and 
therefore oxygen) by virtue of your 
beating heart. 

Even the heart itself gets blood, viaa 
special set of veins and arteries known 
as the coronary system. The myocardial 
muscle within the wall of the heart 
needs oxygen and other nutrients to 
keep beating. Unfortunately, the 
coronary arteries that do this job are 
very narrow, between 1.7and 2.2 
millimetres in diameter. Ifthey become 
clogged with cholesterol or other fatty 
deposits, the heart stops working. Thisis 
bad for you. 

Ofcourse, the relatively simple 
concept of the double pump is fairly 
complex in practice. Aseries of valves 
control blood flow to the heart's four 
chambers, allow for the build-up of 
enough blood pressure to get the job 
done, and direct the blood to the correct 
veins and arteries. 
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“After the operation, lifelong 
medications are taken to prevent the 
body rejecting the new heart” 











Heart transplants 


Discover what happens in one of the most complex surgeries 


Mg) Heart transplants area life-saving 
treatment that can restore a patient's 
= quality of life. 

Selecting suitable people for a heart 
transplant is a carefully controlled process. 
There are strict criteria to ensure maximum 
possibility of success, preventing wastage of 
any precious donor hearts. A heart transplant is 
recommended ifa patient has severe heart 
failure, where not enough blood is being 
pumped around the body. Causes of this 
include diseases of heart muscles 
(cardiomyopathy) anda variety of genetic 
cardiac diseases. Patients typically have to pass 
psychological and emotional testing, be willing 
to take lifelong medications and havea current 


expected survival time of less than one year 
without transplant. Sometimes, newborn 
babies are affected, with ultrasound tests 
revealing structural problems meaning that the 
heart cannot pump enough blood. Further 
blood tests to rule out current infections and 
confirm tissue compatibility are performed. 
The technical process of transplantation is 
complex and demanding for both patients and 
cardiac surgeons. The first step involves 
retrieval of the heart from the donor, at which 
time other organs might be harvested so that 
more patients can benefit. The receiving patient 
is given a general anaesthetic anda cut made 
through the breastbone (sternum) to access the 
heart. A heart-lung bypass machine is then 


The steps of transplant surgery 







Recipient aorta Donor 
\ heart left 
\ atrium 

Recipient — - 

pulmonary ~ 

artery Donor Recipient 

heart right superior x 
atrium vena cava 
Sl 

Recipient 

superior |” Donor 

vena cava heart right 

atrium X 

Donor 
heart 

Recipient 

partial left 

atrium 
Recipient 

Recipient inferior 

inferior vena cava 

vena cava 


First incision 











started, and 
the heart 
transplant 
takes place. At 
the end ofthe 
operation, the new 
heartis tested, and if 
it’s pumping blood 
successfully, the bypass 
machine is removed, the breastbone closed and 
the patient is moved to an intensive care unit. 
After the operation, lifelong medications are 
taken to prevent the body rejecting the new 
heart. These include immunosuppressants, 
which reduce the patient’s natural immunity, 
so their body does not reject their new heart. 
















: Attaching the heart 


The sternum is cut with a special saw that doesn’t damage the softer tissues 
underneath. The sac containing the heart (pericardium) is cut open and the patient 
placed ona heart-lung bypass machine. The blood vessels and chambers of the old 
heart are disconnected, leaving the back wall of the left atrium in place, which acts as 
the starting point for attaching the new heart. 
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The veins carry blood back toward the heart. The biggest - the 
inferior and superior vena cava — drain into the right atrium. 
These are carefully attached to the new heart, which fixes the 
donor right atrium into place. Tiny stitches are sewn using very 
sharp needles, special needle holders anda steady hand! 
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Evidence of heart 


KEY 
DATES 


disease has been found heart transplant takes heart is transplanted into a 
in 4,000-year-old place in South Africa, by human being. The patient 
er Egyptian mummies. Christiaan Barnard. advance heart transplants. survives fro 112 days. 





The first human-to-human 







The first successful artificial 






opto) AOL The human heart is not heart shaped - the popular heart shape was widely used on T-shirts in the 1970s 
















Recipient Recipient 
Buenary remains 7 
remains 
Recipient - 
pulmonary 
artery 
‘ remains 
Surgical 
sutures 
(stitches) 
Donor FraWrasvearasYratvearasyeaerastras 
heart right ed Seed Seed Sele Steed Senet? Seta? Sates “elses Spent 
atrium in 
place 
Surgical 
sutures 
secure 
recipient's Healthy 
vein to heart is 
right atrium attached iP 


Completing the operation 


The final steps include attaching the body’s biggest and strongest artery - the aorta. 
This pumps oxygenated blood to the entire body and is under the highest pressure. 
The vessel bringing oxygenated blood back from the lungs (the pulmonary vein) is also 
attached. The clamps controlling the vessels are removed and the new heart started 
witha small burst of electricity. 
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“A malignant melanoma is a rare kind 
of skin cancer that can occur in 
melanocytes” 











How wrinkles form 


Discover how the body’s largest organ loses its elasticity over time 


§ Wrinkles are an inevitable part of the natural 
ageing process. There are two different types 
of wrinkles; dynamic wrinkles, which develop 
due to repeated muscle movements, such as smile lines 
around the mouth, and static wrinkles caused by 
environmental factors, lifestyle habits and the ageing 
process. Static wrinkles are visible even when your face 
is at rest and often deepen over time. They are caused by 
a loss of skin elasticity, fat and collagen. 

The skin itself is made up of three layers. The 
epidermis layer on the surface is made up of dead skin 
cells and protects the body from outside elements such 
as water and sunlight. Beneath this layer is the dermis, 
which is responsible for the skin’s strength and 
elasticity, as it’s rich in collagen and elastin fibres. The 
base layer, known as the hypodermis, is where fat cells 
that give the skin its plump youthful appearance reside. 

Over time, wrinkles will start to form on both the 
epidermis and dermis layers. As we age, our skin cells 
take longer to divide, which means the skin repairs ata 
much slower rate than when it’s young. Asa result of 
this, the dermis layer will begin to thin out, and fine 
lines start to form on the epidermis due to a loss of 
moisture. Eventually, collagen and elastin will break 
down in the dermis layer, which reduces support so the 
skin is unable to ping back as quickly when stretched. 
Fat will also begin to deplete in the hypodermis layer, 
causing the skin to sag and appear much less plump. 
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The ageing process 


A closer look at how wrinkles form in the skin 









Younger skin 
Holding moisture 
Youthful skin is softer 

and smoother as it holds 
much more moisture in 
the epidermis layer than 
older skin. 


Dermis layer 
The dermis layer 
provides support and 
gives skin its elasticity as 
it's packed full of elastin 
fibres and collagen. 


Plump appearance 
Fat cells are stored in the 

hypodermis layer and are 
responsible for plumping 

up younger skin. 
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Older skin 
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Deep wrinkles 


Fine lines start to develop 


due to a lack of moisture 
before eventually 
deepening as the dermis 
layer weakens. 


Less collagen 
and elastin 

Over time, collagen and 
elastin fibres diminish in 
the dermis layer, which 
lessens support for the 
epidermis, causing skin 
to wrinkle. 
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As we age, skin will start 
to sag as fat depletes in 
the hypodermis layer. 
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FACTS 


Ue 


Is sunscreen really 
waterproof? 
Nosunscreen is truly 
waterproof. They can be 
water-resistant but willneed = 
to be re-applied every few : 
hours. Even sweat can affectit! = 





YOUR Romans developed crude mirrors by pouring boiling lead over the back of blown glass 





Danger times Peeling 
UV radiation is most intense Peeling is the body's way of 
between 10am to 2pm In ridding itself of damaged 
Australia, sunbum canoccurin =~ skin cells that might develop 
less than 15 minutes on a fine = into cancers. Damaged skin 
January day. UV radiation is cells self-destruct and peel 
not related to temperature. off in sheets. 


How we tan Hidden dangers 
‘Skin colour depends ona On acloudy day 30 to 50 per 
pigment called melanin which = cent of the Sun's UV rays reach 
protects your skin by s your skin, so it’s still possible 
absorbing UV radiation andit = ‘to burn. You may not feel the 
darkens when doing so, ° Sun's rays if it's windy, but 
leaving you with a sun tan. = they still cause damage. 








What are moles? 


These small skin blemishes are common, but what are 
they and why must we keep a close eye on them? 


Amole onthe skin, ora melanocytic 
iy naevus, isan abnormal collection of 

the pigment cells called melanocytes. 
Some moles can be present at birth (congenital 
melanocytic naevi) but most develop 
spontaneously later in life, usually asa result of 
exposure to sunlight. Moles are often brown or 
black (pigmented naevi) and are usually round 
or oval, but they can bea variety of different 
shapes and sizes. Growth and change over time 
is quite normal. 

Moles sound pretty unremarkable and are 
harmless in nature, and yet we must be vigilant 
ifa mew one appears on the skin or ifan existing 
mole begins to change. A malignant melanoma 
isarare kind of skin cancer that can occur in 
melanocytes. Although rare, malignant 
melanomas cause the majority of the deaths 
related to skin cancer. If you're particularly 


Melanocyte 

The skin’s natural pigment, melanin, 
is a protein produced in cells called 
melanocytes. Melanocytes are 
usually spread evenly throughout 
the skin for even colour. Melanin 
also absorbs UV radiation. 


| 





Melanoma 
People with a family 
history of malignant 
melanomas and those who have 
been exposed to a lot of sunlight are 

most at risk from this uncontrollable growth 
of pigment cells. 
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moley you're more susceptible to melanoma and 
should try to avoid too much sunlight. 

Moles to watch are dysplastic naevi, which are 
large, irregularly shaped moles of mixed 
colouration. They often have paler, jagged edges 
with darker centres and tend to be accompanied 
bya lot of other moles on the body. 


. 
EWE aetbaleni Clete) 
can spell trouble 


Epidermis 

This is the outer layer 
of your skin and it 
contains tough, flat 
cells. Melanocytes are 
located in the dermis 
and epidermis. 


Dermis 
The dermis is the layer 
that consists of blood 

vessels, glands and 
nerve endings. 









Atleast he wore 
sunglasses... 


and its 
effects 


We can often go red in 
the sun, but what causes 
this and what damage 
does it do to our skin? 


Sunburn is caused by an 
overexposure to either 
sunlight or artificial UV rays. 
Sunburn doesn’t occur every 
time the skinis exposed, indeed 
low-level exposure often causes 
tanning, a darkening of theskin caused 
by an increase in levels of melanin, a 
pigment already present in skin. 

Burning isa reddening of the skin 
caused by groups of blood vessels 
expanding and breaking as blood 
rushes to the surface to attempt to heal 
the burn to living tissue. More severe 
sunburn can cause blistering of skin 
and often we see dehydration, dizziness 
and tiredness displayed alongside 
damage to the skin. 

Skin damage caused by sunburn can, 
sometimes cause non-malignant 
tumours and skin cancer to occuras the 
skin’s DNA becomes so damaged it 
cannot repair itself properly. We can 
Jessen the chances of this by not 
exposing our skin for long periods of 
time and using sun creams which give 
theskin extra protection. 


viduals being of Northern 
European descent and the intense sun 
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“Each day the kidneys will filter 
150-180 litres of blood” 
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As blood enters the kidneys, itis passed 


through a nephron, a tiny unit made up of ( 
blood capillaries and a waste-transporting - 
tube. These work together to filter the blood, \ 
returning clean blood to the heart and lungs n \ 
for re-oxygenation and recirculation and % 
H I ‘ filt removing waste to the bladder for excretion. \\\ 
ow do your kidneys filter 


waste from the blood to 
keep you alive? 


Kidneys are bean-shaped organs Renal cortex 








situated halfway down the back Thisis one of two broad internal sections of the 
just under the ribcage, one on kidney, the other being the renal medulla. The 
each side of the body, and weigh renal tubules aresituated here inthe 


protrusions that sit between the pyramids and 


between 115 and 170 grams each, dependent secure the cortexand medulla together. 


on the individual's sex and size. The left 
kidney is commonly alittle larger than the 


7 4 l is 
right and due to the effectiveness of these See one 
organs, individuals born with only one kidney with blood thatis 


kidney can survive with little or no adverse tobe filtered. 
health problems. Indeed, the body can 
operate normally with a30-40 per cent 
decline in kidney function. This decline in 
function would rarely even be noticeable 
and shows just how effective the kidneys are 
at filtering out waste products as well as 
maintaining mineral levels and blood 
pressure throughout the body. The kidneys 
manage to control all of this by working with 
other organs and glands across the body 
such as the hypothalamus, which helps the 


kidneys determine and control water levels Renal vein 

in the body. Afterwaste has 
Each day the kidneys will filter between beenremoved, 

150 and 180 litres of blood, but only pass pea ees 

around two litres of waste down the ureters kidney via the 

to the bladder for excretion. This waste renalvein. 


product is primarily urea - a by-product of 
protein being broken down for energy - and 
water, and it’s more commonly known as 
‘urine’. The kidneys filter the blood by 
passing it through asmall filtering unit 
called anephron. Each kidney has around 
amillion of these, which are made up ofa 
number of small blood capillaries, called 
glomerulus, anda urine-collecting tube 
called the renal tubule. The glomerulus sift 
the normal cells and proteins from the blood 
and then move the waste products into the 
renal tubule, which transports urine down 
into the bladder through the ureters. i 


opkimages 


Alongside this filtering process, the @ NPornese 
kidneys also release three crucial hormones Ureter Renal pelvis Renal medulla 
(known as erythropoietin, renin and Thetube that This funnel-likestructure The kidney’s inner section, where capsule 
calcitriol) which encourage red blood cell transports the ishow urine travels out of bloodis filtered after passing Thekidney’s fibrous 

= f - waste products the kidney and forms the through numerousarterioles. It’s : outer edge, which 

production, aid regulation of blood pressure (urine) to the top part of theureter, splitintosections called pyramids provides protection 
and aid bone development and mineral bladder following which takes urine down and each human kidney will forthe kidney’s 
balance respectively. blood filtration. tothe bladder. 


normally haveseven of these. internal fibres. 
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OYOURNOWP Around 0.07%. 


of the population are born with more than two kidneys 


Two for the price of one 

We are thought to have two kidneys because they are so crucial to 
our survival, the second is purely a ‘back up’. Having two organs 
obviously increases our chances of survival and reproductive fitness. 





Nephrons - the filtration ao 
units of the kidney 


Although not 
technically part of the 
Nephronsare the units which filter all blood that passes DT ee pont 
through the kidneys. There are arounda million in each filtered by the 
kidney, situated in the renal medulla’s pyramid structures. As 
wellas filtering waste, nephrons regulate water and mineral 
salt by recirculating what is needed and excreting the rest. 


Proximal tubule 
Links Bowman's 
capsuleand the loop 
of Henle, andwill 
selectively reabsorb 
minerals from the 
filtrate produced by 
Bowman’s capsule. 


nephronsand 
facilitates its removal 
from the kidneys. 


eee eee ee ee 
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Glomerulus 

High pressure inthe 

glomerulus, caused by it 

draining intoan 

arteriole instead ofa 

venule, forces fluidsand 

— ~ N soluble materials out of 
Mf the capillaryand into 
Bowman's capsule. 


2) eri. — 


capsule 
Alsoknownas the 
glomerular capsule, this 
filters the fluid that has 
been expelled from the 
glomerulus. Resulting 
filtrate is passed along 
thenephronand 
willeventuallymake 
upurine. 
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tubule 

Partly responsible 
for the regulation of 
mineralsinthe 
blood, linking to 
the collecting duct 
system. Unwanted 
mineralsare 
excreted from 
thenephron. 






The glomerulus 


This group of capillariesis the first step of 
filtration and a crucial aspect ofa nephron. 
As blood enters the kidneys via the renal 
artery, itis passed down through a series of 
arterioles which eventually lead to the 
glomerulus. This is unusual, as instead of 
draining into a venule (which would lead 
back toa vein) it drains back into an 
arteriole, which creates much higher 
pressure than normally seen in capillaries, 
which in turn forces soluble materials 

and fluids out of the capillaries. This process 
is knownas ultrafiltration and is the first 
step in filtration of the blood. These then 
pass through the Bowman’s capsule 

(also knowas the glomerular capsule) for 
further filtration. 


Afferent Proximal tubule 
arteriole Where reabsorption of 
Thisarteriole minerals from the 
supplies the blood to filtrate from Bowman's 


capsule will occur. 


the glomerulus for 


filtration, =p 








Glomerulus 

This mass of 
capillaries is the 
glomerulus. 


Efferent Bowman's 
arteriole capsule 
Thisarteriole is how Thisisthesurrounding 
blood leaves the capsule that will filter 
glomerulus following the filtrate produced by 
ultrafiltration. the glomerulus. 












Renal artery 
Thisartery supplies the 
kidney with blood. The 
blood travels through 
this, intoarteriolesas 
you travel into the 
kidney, until the blood 
reaches the glomerulus. 





Renal vein 
Thisremoves blood that has 
been filtered from the kidney. 
Renal tubule 
Loop of Henle Made up of three parts, the proximal 


The loop of Henle controls the mineral and 
water concentration levels within the kidney 
toaid filtration of fluids as necessary. Italso 
controls urine concentration. 


tubule, the loop of Henleand the distal 
convoluted tubule. They remove waste 
and reabsorb minerals from the filtrate 

passed on from Bowman's capsule. 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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‘What is urine and what 
is it made of? 


Urine is made up ofa range of organic 
compounds suchas proteins and 
hormones, inorganic salts and 
numerous metabolites. These 
by-products are often rich in nitrogen 
and need to be removed from the blood 
stream through urination. The pH-level 
ofurine is typically around neutral 
(pH7) but varies depending on diet, 
hydration levels and physical fitness. 
The colour of urine is also determined 
by these factors, with dark-yellow urine 
indicating dehydration and greenish 
urine being indicative of excessive 

\_ asparagus consumption. 


94% water 


s 





6% other organic 
compounds 
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organ” 





The kidneys are the body’s 
natural filters. You can survive 
on just one, but when that fails 
you may need a transplant 


Kidney 
transp 


a Transplanting organs isa 
complex process, although 
| A it can give anew lease of life 
“ torecipients. The kidney is 
the most frequently transplanted 
organ, both in the UK and around the 
world. However, there is adiscrepancy 
between the number of patients 
waiting for a transplant and the 
number of available organs; only 
around one third of those waiting per 


How to 
erform a 
idney 

transplant 


Transplanting a kidneyisa 
case of careful and clever 
plumbing. The first step is to 
harvest the donor kidney, and 
then it’sa dash to transplant 
the new kidney into the 
recipient. When the brain-dead 
donor is transferred to the 
operating theatre for organ 
harvest, they are treated with 
the same care and respectas if 
they were still alive. When 
consent has been given for 
multiple organ harvest, a cutis 
made from the top of the chest 
to the bottom of the pelvis. The 
heart and lungsare retrieved 
first, followed by the 
abdominal organs. 


5. Plumbing it in 


“The kidney 
most transplanted 











is the 


year receive their transplant. The 
number of patients registered for a 
kidney transplant increases each year, 
and has risen by 50 per cent since 2000. 

Kidney transplants come from two 
main sources: the living and the 
recently deceased. Ifa healthy, 
compatible family member is willing to 
donate a kidney, they can survive with 
just one remaining kidney. In other 
cases, someone else's tragedy is 


1. The donor 
The donor kidney is harvested, including enough length of artery, 


someone else’s fortune. For those who 
are declared brain-dead, the beating 
heart will keep the kidneys perfused 
until they are ready to be removed. In 
some patients, the ventilator will be 
switched off and it’s arace against time 
to harvest organs. Either way, consent 
from the family is needed, even at such 
an emotional and pressurised time. 
When asuitable organ becomes 
available, it is matched viaa national 


2. Out with the old? 


Aslongas there’s no question of cancer, 


register toa suitable recipient. A 
‘retrieval’ team from acentral 
transplant unit (of which there are 20 
based around the UK) will go to 
whichever hospital the donor is in. 
They will remove the organs, while the 
recipient is being prepared in the base 
hospital. During the tricky operation, 
the new kidney is ‘plumbed’ into the 
pelvis, leaving the old, non-functioning 
ones in-situ. 


3. Into the pelvis 


Anincisionis made in the lower 


veinand ureter (which carries urine to the bladder) toallow 
tension-free implantation into the recipient. 


part of the abdomen to gain 


the original kidneysare leftin place. 
access into the pelvis. 


a. nm 





\ 














7. What’s that 
lump? 

Thenewkidney can 
befeltunderneath 
thescarinthe 

! recipient. These 
patients are often 
recruited to medical 
student exams-be 
prepared! 


8. Catheter 

‘ Acatheteris leftin-situ 
forashortwhile, so 

that the urine output of 

the newkidney can be 

measured exactly. 


Therenalartery and vein are connected to the 
corresponding iliac artery and vein in therecipient's body. 
Holes (arteriotomies) are created in the mainarteries, and 
the kidney’s vessels are anastomosed (a surgical join 
between two tubes using sutures). 
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4. Make space! 

Thesurgeon will createspace in the pelvis, and identify the large 
vessels which run from the heart to the leg (theiliacarteries and 
veins). The new kidney’s vessels will be connected to these. 


6. The final link 

The ureter, which drains urine from the kidney, is 
connected to the bladder. This allows the kidney to 
function in the sameway as one of the original kidneys. 


WWW.HOWITWORKSDAILY.COM 


‘@Science Photo Library 


Which other organs? : Through the keyhole : Do something about it 





Pioneers The ‘organ gap’ 5 
The very first kidney transplant to. Around 7,000 peopleinthe = Cte : When removing akidney froma * & You canregister to 
take place in the UK was United Kingdom last year = include kidneys, livers, hearts, * living donor, the most modern > @J become an organ donor 
7 A S performed in Edinburgh, Scotland, were waiting for organ . lungs, the pancreas and ° centres use keyhole surgery : at http://www. 
C I back in 1960, where a surgeon : transplants, but only around = intestines. Transplantable : (laparoscopy) to do it - this * _ organdonation.nhs.uk/ 
transplanted a kidney from a : 2,300 kidney transplants > tissues include bones, heart : leads to smaller scars, lesspain =  - don't forget to talk to 
TRANSPLANTS 49-year-old into his twin brother. actually took place. : valves, skin and corneas. : and faster recovery times. : your loved ones about it. 








XO YOU LGA The human heart is not heart shaped - the popular heart st 





2Iy used on T-shirts in the 1970s 





PernoCr ne Le a 
seats (a) 


Patient 1 needs a new kidney but their 
family member isn’t compatible. 
Patient 2 also needsa kidney and has 
anincompatible family member as 
well. However, patient 2’s relationis 
compatible with patient1and vice 
versa. The surgeon arranges a swap 
-a‘paired’ transplant. A longer line of 
patients and family members 
swapping compatible kidneys can be 
arranged -a ‘daisy-chain’ transplant. 
A‘good Samaritan’ donor, who isn’t 
related to any of the recipients, can 
start the process. This first recipient's 
family member will subsequently 
donate to someone else -a ‘domino’ 
transplant effect which can go on for 








several cycles. Fan er 
a a Pa 
Who is Suitable? 82.0 scinse:oeiosses 
= Iftheantigensare too dissimilar, the host’s existing 

Of the several million people in the UK with kidney immunesystem thinks the new kidney isa foreign invader 
disease, only around 50,000 will develop end-stage sand atteclos ew ian Ices eae uor 
renal failure (ESRF). For these people, dialysis or kidney 
transplantation are the only options. Kidney damage 


from diabetes is the most common cause of 
transplantation. Other causes include damage from 
high blood pressure, chronic kidney scarring (chronic 
pyelonephritis) and polycystic kidney disease (the 
normal kidney tissue is replaced with multiple cysts); 
many other less common causes exist. 

Patients must be selected carefully due to the scarcity 
of organs. Those with widespread cancer, severely 
calcified arteries, persistent substance abuse and 
unstable mental problems mean that transplants are 
likely to fail and so these patients are unsuitable to 
receive a precious kidney transplant. 


> 


Antigens 
Antigens from therecipientkidney’s ABO 
blood group and HLAsystem should beas 


closea match to the donor’sas possible. 


When things go wrong... 


Kidneys need to be carefully matched to suitable donors, or 
rejection of the new organ will set in fast. Rejection occurs when 
the host body’s natural antibodies think the new tissue isa foreign 
invader and attacks; careful pre-operative matching helps limit 
the degree of this attack. The most important match is via the ABO 
blood group type -the blood group must match or rejection is fast 
andaggressive. Next, the body’s HLA (human leukocyte antigen) 
system should be a close a match as possible, although it doesn’t 
need to be perfect. Incorrect matches here can lead to rejection 
over longer periods of time. After the operation, patients are 
started on anti-rejection medicines which suppress the host's 
j immune system (immunosuppressants such as Tacrolimus, 
Azathioprine or Prednisolone). Patients are monitored for the rest 
> of their lives for signs of rejection. These immunosuppressants 
offitr a tew lease life 4 2 aren't without their risks - since they suppress the body’s natural 
i a defences, the risks of infections and cancers are higher. 





Akidney transplant can > 
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“It is the second most complex 
organ after the brain” 


How the liver v 

















. . The liver is the largest internal organ in The liver is the body's main powerhouse, producing 
The human liver 1S the the human body and amazingly has over and storing glucose as a key energy source. Itis also 
u ltimate multitasker -it 500 different functions. In fact, itis the responsible for breaking down complex fat molecules and 
second most complex organafterthe brain building them up into cholesterol and triglycerides, which 
. performs many # andisintrinsically involved inalmost the body needs but in excess are bad. The liver makes 
different functions every aspect of the body’s metabolic processes. The livers | many complex proteins, including clotting factors which 
. main functions are energy production, removal of are vital in arresting bleeding. Bile, which helps digest fat 
all at the same time harmful substances and the production of crucial inthe intestines, is produced in the liver and stored inthe 
without you proteins. These tasks are carried out within liver cells, adjacent gallbladder. 
és called hepatocytes, which sit in complex arrangements to The liver also playsa key role in detoxifying the blood. 
even asking maximise efficiency. Waste products, toxins and drugs are processed here into 


The hepatobiliary Fancy hres 
regi ion segments of the liver, which are 


based upon the distribution of 
veins draining these segments. 
Two halves 
The liver is anatomically split 


into two halves: left and right. 
The portal triad 
The common bile duct, 
hepatic artery and 
hepatic portal vein 
form the portal triad, 
which are the vital 
inflows and outflows 
x for this liver. 












There are four lobes, and the 
right lobe is the largest. 


The gallbladder 

The gallbladder and liver 
are intimately related. Bile, 
which helps digest fat, is 
produced in the liver and 
stored in the gallbladder. 






















The common bile duct 
This duct is small, but vitalin | 

the human body. It carries bile 

from the liver and gallbladder 

into the duodenum where it 7 


helps digest fat. 
Feel your liver j 
Take a deep breath in and feel Di . 
igestion 
t under the ht | 
just under the right lower 9 Once nutrients from food 


edge of your ribs - in some 
people the lower edge of the 
liver can be felt. 


have been absorbed in 

the small intestine, they 
are transported to the liver 
via the hepatic portal vein 
(not shown here) for 
energy production. 


The biggest organ 
The liver is the largest of the 
internal organs, sitting in the 


right upper quadrant of the “4 
abdomen, just under the rib a Oy PU 5 op: 

/ ry night out can 
cage and attached to the ae k = 
underside of the diaphragm. eMac ebVelraliiog 
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Ice cold liver Liver transplants » Maximising numbers Largest organ in the body Greek mythology 
Polar bear liver is anincredibly In the UK 600-700 liver : Ways around the shortage of The liver is the largest internal Wise Titan Prometheus 
rich source of vitamin A - : transplants are performed s donor livers include splitting an = organ in the human body and ‘was chained for eternity toa 
so much so that Arctic each year. The donor liver = adult liver in half and giving it 2 in most animals’ bodies too. It rock in the Caucasus, where 
explorers have actually died can be preserved inasolution = to two children, and live-donor typically has the same shape an eagle would eat at his liver 
from eating it, as it can cause for up to 24 hours before it : transplantation (a portion of a as ahuman’s, except in snakes and each day the liver would 
vitamin A poisoning. is transplanted. relative's liver is transplanted). where it is elongated. be renewed! 








CAO YOULROWP The human heart is ni 


} 


ot heart shaped — the popular heart shape was widely used on T-shirts in the 1970s 








forms which are easier for the rest of the body to use or 
excrete. The liver also breaks down old bloods cells, 
produces antibodies to fight infection and recycles 
hormones such as adrenaline. Numerous essential 
vitamins and minerals are stored in the liver: vitamins A, 
D, EandK, ironand copper. 

Such a complex organ is also unfortunately prone to 
diseases. Cancers (most often metastatic from other 
sources), infections (hepatitis) and cirrhosis (a form of 
fibrosis often caused by excess alcohol consumption) are 
just some of those which can affect the liver. 


otras (lana 


The gallbladder 


Bile, a dark green slimy liquid, is produced in the 
hepatocytes and helps to digest fat. Itis storedina 
reservoir which sits on the under-surface of the liver, 
to be used when needed. This reservoir is called the 
gallbladder. Stones can form in the gallbladder 
(gallstones) and are very common, although most 
don’t cause problems. In 2009, just under 60,000 
gallbladders were removed from patients within the 
NHS making it one ofthe most common operations 
performed; over 90 per cent of these are removed via 
keyhole surgery. Most patients do very well without 
their gallbladder and don’t notice any changes atall. 
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Blood vessels 
Blood vessels 
infiltrate liver 
tissue, supplying 
lobules with blood. 








organ 


The liver deals with a massive amount of 
blood. It is unique because it has two blood 
supplies. 75 per cent of this comes directly 
from the intestines (via the hepatic portal 
vein) which carries nutrients from digestion, 
which the liver processes and turns into 
energy. The rest comes from the heart, via 
the hepaticartery (which branches from the 
aorta), carrying oxygen which the liver 
needs to produce this energy. The blood 
flows in tiny passages inbetween the liver 
cells where the many metabolic functions 
occur. The blood then leaves the liver via the 
hepaticveins to flow into the biggest vein in 
the body - the inferior vena cava. 


3. Sinusoids 
These blood filled channels 
are lined by hepatocytes and 


1. The lobule 
This arrangement of 
blood vessels, bile 


es 

























provide the site of transfer of ducts and hepatocytes . . a 
molecules between blood formthetunctional —- '@ functional unit which 
and iver cens. unit of the liver. . J 
performs the liver’s tasks 
4. Kupffer cells 2. The hepatocyte 
These specialised cells sit These highly active cells The liveris considered a ‘chemical factory,’ as it 
within the sinusoids and efor aa ote liver's key forms large complex molecules from smaller 
destroy any bacteria which rs ones brought to it from the gut via the blood 
are contaminating blood. 3 : Pe 
stream. The functional unit of the liver is the 
9. Central vein lobule - these are hexagonal-shaped 
Blood from sinusoids, structures comprising of blood vessels 
now containing all of its and sinusoids. Sinusoids are the 
new molecules, flows specialised areas where blood comes 


into central veins which 
then flow into larger 
hepatic veins. These 
drain into the heart 
via the inferior vena 
cava. 


into contact with the hepatocytes, 
where the liver’s biological 
processes take place. 


5. Hepatic 

artery branch 
Blood from here 
supplies oxygen to 
hepatocytes and carries 
metabolic waste which 
the liver extracts. 


6. Bile duct 

Bile, which helps digest fat, 
is made in hepatocytes and 
secreted into bile ducts. It 
then flows into the 
gallbladder for storage 
before being 
secreted into 
the duodenum. 


7. Portal vein 
This vein carries nutrient-rich 
blood directly from the 
intestines, which flows into 
sinusoids for conversion into 
energy within hepatocytes. 


8. The portal triad 
The hepatic artery, portal vein and bile duct are known as 
the portal triad. These sit at the edges of the liver lobule 
and are the main entry and exit routes for the liver. 
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“The cells are all in contact with 
capillaries, so hormones can be 


fed directly into the bloodstream" 





How the pancreas works, 


Learn how the workhorse of the digestive system helps 


to break down food and control our blood sugar levels a 


e wm The pancreas is a pivotal organ within 

] ys the digestive system. It sits inside the 

~ abdomen, behind the stomach and 

the large bowel, adjacent to the spleen. In 
humans, it has a head, neck, body and tail. It is 
connected to the first section of the small 
intestine, the duodenum, by the pancreatic 
duct, and to the bloodstream via a rich network 
of vessels. The function of the pancreas is best 
considered by thinking about the two types of 
(CUB ieee yale reece ee laa bese tek Cola ane(sn 

The endocrine pancreas is made up of 
clusters of cells called islets of Langerhans, 
which in total contain approximately 1 million 
cells and are responsible for producing 
hormones. These cells include alpha cells, 
which secrete glucagon, and beta cells which 
generate insulin. These two hormones have 
CO) Lessee eee eme) oer Rete Vy 
throughout the body: glucagon increases 
glucose levels, while insulin decreases them. 

gure Pecetecreremaonec aan lael 
capillaries, so hormones which are produced 
can be fed directly into the bloodstream. 
Insulin secretion is under the control ofa 
negative-feedback loop; high blood sugar leads 
ob betuiiton-eaccia (ema uaraenastveM (ave) (elelel 
sugar with subsequent suppression of insulin. 
Disorders of these cells (and thus alterations of 
hormone levels) can lead to many conditions, 
including diabetes. The islets of Langerhans 
are also responsible for producing other 
hormones, like somatostatin, which governs 
nutrient absorption among other things. 

The exocrine pancreas, meanwhile, is 
responsible for secreting digestive enzymes. 
Cells are arranged in clusters called acini, 
which flow into the central pancreatic duct. 
This leads into the duodenum - part of the 
small bowel - to come into contact with and aid 
in the digestion of food. The enzymes secreted 
include proteases (to digest protein), lipases 
(for fat) and amylase (for sugar/starch). 
Secretion of these enzymes is controlled bya 
series of hormones (gastrin, cholecystokinin 
and secretin), which are released from the 
stomach and duodenum in response to the 
stretch from the presence of food. # 


(oy cH Paonia elt) 


Anatomy of the pancreas 


It might not be the biggest organ but the pancreas is a key 
facilitator of how we absorb nutrients and stay energised 


Body of the 
pancreas 

The central body sits 
Cova colo Me) ea(-aar- ln) 
artery to the spleen. 


foPvatergslt teks |e Seen 
Within the pancreas, the 

digestive enzymes are _ 
secreted into the 
pancreatic duct, 
which joins onto yy 
Pee 

1ST (elt Cei an y 


> 


y 
yp 









Common bile duct - 
MMM er-laleig =r 1 okra eek) 
Dee Re 
gallbladder, which is all sent 
through the common bile 
duct into the duodenum. 


ert tete Tat ee 
Mier pega) od 
its digestive enzymes 
into the first part of 

Peo oe 


Head of the 
pancreas 
BUM sCe Rute R Cod} 
removed if it’s affected by 
cancer, via a complex 
operation that involves the 
resection of many other 
adjacent structures. 


Ps 
AA eh ime elt ete vie Amel C) 
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The first modern human 
pancreatic transplant is 
performed in the USA ona 
28-year-old female patient. 


The pancreatic duct is German scientists remove 

found in Padua, Italy.Itis the pancreas ina dog and 
namedafterits discoverer: __ induce diabetes, proving 
the duct of Wirsung. an irrefutable link. 


D A I ES The Greek anatomist The name ‘pancreas’ is given, 
who will first discover meaning ‘all flesh’, as it’s 


PANCREATIC PAST Pe eee believed to serve solely asa 


Herophilus - is born. cushioning, protective fat pad. 


OURO In the UK, 80 per 











re Cal ingestion 





MFT) Me) tat-Woy-lateg =r} 
This is the end portion of 
the organ and is positioned 
close to the spleen. 


What brings on diabetes? 


Diabetes is a condition where a other disorders of the pancreas. 






























person has higher blood sugar than Inflammation of the organ (ie acute 
normal. It is either caused by a pancreatitis) causes severe pain in 
4, failure of the pancreas to produce the upper abdomen, forcing most 
insulin (ie type 1, or insulin- people to attend the emergency 
dependent diabetes mellitus), or department as it can be life 
resistance of the body’s cells to threatening. In contrast, cancer of 
insulin present in the circulation (ie the pancreas causes gradually 
type 2, or non-insulin-dependent worsening pain which can often be 
diabetes mellitus). There are also mistaken for other ailments. 


Beta cells 
It is the beta cells 
within the islets of 


Langerhans which Insulin released 





control glucose f ‘ The vesicle releases its 
levels and insulin +. e he stored insulin into the 
secretion. blood capillaries 

5 ~~ \ through exocytosis, 













Blood supply 
The pancreas derives its ‘ 
blood supply from a variety High glucose 


Cool ce Sareea When the levels of 
SMe Oa glucose within the 


CUE bloodstream are high, 







the glucose wants to <3 Calcium 
move down its diffusion , effects 
gradient into the cells. The calcium 
: causes the 


vesicles that 
store insulin to 
move towards 
the cell wall. 


igb@ 









Does the pancreas vary in 
humans and animals? 


Every vertebrate animal has a pancreas of some form, 
meaning they are all susceptible to diabetes too. The 
arrangement, however, varies from creature to creature. In 
humans, the pancreas is most often a single structure that sits 
at the back of the abdomen. In other animals, the arrangement 
varies from two or three masses of tissue scattered around 
the abdomen, to tissue interspersed within the connective 
tissue between the bowels, to small collections of tissue within 
the bowel mucosal wall itself. One of the other key differences 
is the number of ducts that connect the pancreas to the bowel. 



















Depolarisation ~- Calcium channels 




















In most humans there's only one duct, but occasionally there The metabolism of glucose Changes in potassium 
may be two or three - and sometimes even more. In other leads to changes in the levels cause voltage-gated 
animals, the number is much more variable. However, the polarity of the cell wall calcium channels to open in 

and an increase in the the cell wall, and calcium 


function is largely similar, where the pancreas secretes 
digestive enzymes and hormones to control blood sugar levels. 






number of potassium ions. ions to flow into the cell. 
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“The stomach can accommodate 
about a litre [1.8 pints) of food 
without discomfort” 








Inside the human stomach 


Discover how this amazing digestive organ stretches, churns and holds 
corrosive acid to break down our food, all without getting damaged 


The stomach’s major role is asa 
reservoir for food; it allows large meals 

to be consumed in one sitting before 
being gradually emptied into the small 
intestine. A combination of acid, protein- 
digesting enzymes and vigorous churning 
action breaks the stomach contents down into 
an easier-to-process liquid form, preparing 
food for absorption in the bowels. 

In its resting state, the stomach is contracted 
and the internal surface of the organ folds into 
characteristic ridges, or rugae. When we start 
eating, however, the stomach begins to distend; 


the rugae flatten, allowing the stomach to 
expand, and the outer muscles relax. The 
stomach can accommodate abouta litre (1.8 
pints) of food without discomfort. 

The expansion of the stomach activates 
stretch receptors, which trigger nerve 
signalling that results in increased acid 
production and powerful muscle contractions 
to mix and churn the contents. Gastric acid 
causes proteins in the food to unravel, allowing 
access by the enzyme pepsin, which breaks 
down protein. The presence of partially 
digested proteins stimulates enteroendocrine 


Lining under the microscope 


The stomach is much more than just a storage bag. 


Take a look at its complex microanatomy now... 


Gastric pits 

The entire surface of the 
stomach is covered in tiny 
holes, which lead to the 
glands that produce 
mucus, acid and enzymes. 


Mucosa 


Submucosa 


Muscularis 


Parietal cell (blue) 








Chief cell (yellow) 
Chief cells make pepsinogen; at the 
low pH in the stomach it becomes 
the digestive enzyme pepsin, 
which deconstructs protein. 


These cells produce hydrochloric 


acid, which kills off micro- 


organisms, unravels proteins and 
activates digestive enzymes. 


018 | How It Works 


cells (G-cells) to make the hormone gastrin, 
which encourages even more acid production. 
The stomach empties its contents into the 
small intestine through the pyloric sphincter. 
Liquids pass through the sphincter easily, but 
solids must be smaller than one to two 
millimetres (0.04-0.08 inches) in diameter 
before they will fit. Anything larger is ‘refluxed’ 
backwards into the main chamber for further 
churning and enzymatic breakdown. It takes 
about two hours for half a meal to pass into the 
small intestine and the process is generally 
complete within four to five hours. %& 


Mucous cell 
These cells secrete 
alkaline mucus to protect 
the stomach lining from 
damage by stomach acid. 


G-cell (pink) 

Also known as 
enteroendocrine cells, 
these produce hormones 
like gastrin, which 
regulate acid production 
and stomach contraction. 


Muscle layers 

The stomach has three 
layers of muscle running 
in different orientations. 
These produce the 
co-ordinated contraction 
required to mix food. 
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VOLUME 
WHEN EMPTY 


capacrry 1-4 litres § 


WOOT st 


THE 


STATS 


GASTRIC FIGURES 





Gastric anatomy 


This major organ in the digestive system has several distinct 
regions with different functions, as we highlight here 


Cardia 
The oesophagus empties int 


WY eal 
IS 






ito 


the stomach at the cardia. This 
region makes lots of mucus, 


: : but little acid : 
Pyloric sphincter Dae ee 


The pyloric sphincter is a strong 
ring of muscle that regulates 
the passage of food from the 
stomach to the bowels. 


Antrum 

The antrum contains cells 
that can stimulate or shut off 
acid production, regulating 
the pH level of the stomach. 


Small intestine 

The stomach empties into 
the first section of the small 
intestine: the duodenum. Pancreas 

The bottom of the 
stomach is located in 
front of the pancreas, 
although the two aren't 
directly connected. 


Why doesn’t it 
digest itself? 


Your stomach is full of corrosive acid and 
enzymes capable of breaking down protein - if 
left unprotected the stomach lining would 
quickly be destroyed. To prevent this from 
occurring, the cells lining the stomach wall 
produce carbohydrate-rich mucus, which forms 
a slippery, gel-like barrier. The mucus contains 
bicarbonate, which is alkaline and buffers the pH 
at the surface of the stomach lining, preventing 
damage by acid. For added protection, the 
protein-digesting enzyme pepsin is created from 
a zymogen (the enzyme in its inactive form) - 
pepsinogen; it only becomes active when it 
comes into contact with acid, a safe distance 
away from the cells that manufacture it. 


Produced by parietal 
cells in the stomach 
lining, gastric acid has a \ 
PH level of 1.5 to 3.5 
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AVERAGE 
pH LEVEL 


20 
maa 25cm 


Fundus 

The top portion of 

» the stomach curves 
up and allows gases 
created during 
digestion to be 

} collected. 


dA 


st 


Body 
Also called the corpus, this 
is the largest part of the 
stomach and is responsible 
for storing food as gastric 
juices are introduced. 


ba Large intestine 
The large intestine curls 
around and rests just below 
the stomach in the abdomen. 


. 
Vomit reflex 
step-by-step 
Vomiting is the forceful expulsion 
of the stomach contents up the 
oesophagus and out of the mouth. 
It's the result of three co-ordinated 
stages. First, a deep breath is 
drawn and the body closes the 
glottis, covering the entrance to 
the lungs. The diaphragm then 
contracts, lowering pressure in the 
thorax to open up the oesophagus. 
At the same time, the muscles of 
the abdominal wall contract, 
which squeezes the stomach. The 
combined shifts in pressure both 
inside and outside the stomach 
forces any contents upwards. 
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“Peristalsis is the movement used b 
the small intestine to push the foo 
through to the large bowel” 





















Structure of the 
small intestine 


Examine the anatomy of this vital 
organ in the human digestive tract 


Lumen 
This is the space inside the 
small intestine in which the 
food travels to be digested 
and absorbed. 


Mucosa 


folds) and villi are situated. 


oO i ; i 
The internal lining of the 
iis small intestine where the 
tes i plicae circulares (mucosal 


Mucosal folds 


a a 
These line the small Submucosa 
intestine to increase This supports the mucosa 
surface area and help and connects it to the layers 


push the food on its way of muscle (muscularis) that 
make up the exterior of the 


Crucial for getting the nutrients we need from the Evcrectnoesaye eral lrieatina 


structure, stopping food 


food we eat, how does this digestive organ work? A 
The small intestine is one of the most the duodenum is very important in breaking increase the surface area dramatically to aid 
iy important elements of our digestive food down, using bile and enzymes from the this process. The ileum is the final section of 
system, which enables us to process gallbladder, liver and pancreas, itis the the small bowel and serves to catch nutrients 
food and absorb nutrients. On average, itsitsat | shortest element of the small bowel, only that may have been missed, as well as 
a little over six metres (19.7 feet) long witha averaging about 30 centimetres (11.8 inches). absorbing vitamin B12 and bile salts. 
diameter of 2.5-3 centimetres (1-1.2 inches), and The jejunum follows the duodenum and its Peristalsis is the movement used by the small 
it’s made up of three distinctive parts: the primary function isto encourage absorptionof intestine to push the food through to the large 
duodenum, jejunum and the ileum. carbohydrates and proteins by passing the bowel, where waste matter is stored for a short 
The duodenum connects the small intestine broken-down food molecules through an area period then ultimately disposed of via the 
to the stomach and is the key place for further witha large surface area so they can enter the colon. This process of contraction and 
enzyme breakdown, following the stomach bloodstream. Villi-small finger-like structures _ relaxation is generated by a series of muscles 
turning food into an amino acid state. While -and mucosal folds line the passage and which make up the organ’s outer wall. 
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THE Resim Tt aro Le 6 


STATS 
See BES Ae, Or eae erect ene OL Ese inaa 








Serosa 

This protective outer layer stops 
the small intestine from being 
damaged by other organs. 


Nutrients 

Nutrients move through 
the tube-like organ to be 
diffused into the body, 
mainly via the bloodstream. 


Villi 
Villi are tiny finger-like 
structures that sit all over 


sty Ce ise aller BOLO 6S 


What exactly are nutrients? 


There are three main types of nutrient that we process in the 
body: lipids (fats), carbohydrates and proteins. These three 
groups of molecules are broken down into sugars, starches, 
fats and smaller, simpler molecule elements, which we can 
absorb through the small intestine walls and that then travel in 
the bloodstream to our muscles and other areas of the body 
that require energy or to be repaired. We also need to consume 
and absorb vitamins and minerals that we can’t synthesise 
within the body, eg vitamin B12 (prevalent in meat and fish). 


Fat (GPM: Carbohydrate 





Protein 


Blood vessels 

These sit close to the small 
intestine to allow easy 
diffusion of nutrients 

into the bloodstream. 





A closer look at villi 


What role do these little finger-like 
protrusions play in the bowel? 


ao the mucosa. They help Lacteal 

Longitudinal increase the surface area Epithelium The lacteal is a 

muscle layer massively, alongside the (epithelial cells) Mucosa lymphatic capillary 

This contracts and extends —_ mucosal folds. These individual cells that The lining of the small that absorbs nutrients 

Circular to help transport food with — sit in the mucosa layer intestine on which that can't pass directly 
muscle layer the circular muscle layer. 


This works in partnership 
with the longitudinal 
muscle layer to push the 
food down via a process 
called peristalsis. 














Microvilli- 
These are a mini version 
of villi and sit on villi’s 

individual epithelial cells. 


Capillary bed 
These absorb simple 
sugars and amino acids as 
they pass through the 
epithelial tissue of the villi. 
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are where individual villi are located. into the bloodstream. 
microvilli extend from. : : 
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“Air is drawn into the lungs at a rate 
of between 10-20 breaths per minute 
while resting” 











| [ | 
Respiration is crucial to an organism’s survival. The 
process of respiration is the transportation of oxygen 


from the air that surrounds us into the tissue cells of our 
body so that energy can be broken down 


§) The primary organs used for 
‘ I respiration in humansare the lungs. 











Humans have two lungs, with the left 
Az lung being divided into two lobes and 
7 therightinto three. The lungs have 
between 300-500 million alveoli, which is where gas 
exchange occurs. 

Respiration of oxygen breaks into four main stages: How Oo ir 
ventilation, pulmonary gas exchange, gas ul 
transportation and peripheral gas exchange. Each 
stage is crucial in getting oxygen to the body’s tissue, ungs WO 
and removing carbon dioxide. Ventilation and gas 
transportation need energy to occur, as the Lungs are the major 
diaphragm and the heart are used to facilitate these respiratory organ in humans 
actions whereas gas exchanging is passive. As air is 
drawn into the lungs at a rate of between 10-20 breaths 


per minute while resting, through either your mouth 5. Alveoli 
or nose by diaphragm contraction, and travels The alveoli are tiny little sacs which are 
through the pharynx, then the larynx, down the Stalnted at the aria of ties Inside ths 


A ¢ i. lungs and are in direct contact with 
trachea, and into one of the two main bronchial tubes. bisa Oxygen and carbon dioxide 


Mucus and cilia keep the lungs clean by catching dirt transfer to and from the blood stream 
particles and sweeping them up the trachea. through the alveoli. 
When air reaches the lungs, oxygen is diffused into 
the bloodstream through the alveoli and carbon 
dioxide is diffused from the blood into the lungs to be 
exhaled. Diffusion of gases occurs because of differing 
pressures in the lungs and blood. This is also the same w 
when oxygen diffuses into tissue around the body. 
When blood has been oxygenated by the lungs, itis 
transferred around the body to where it is most 
needed in the bloodstream. If the body is exercising, 
breathing rate increases and consequently so does 
heart rate to ensure that oxygen reaches tissues that 
need it. Oxygen is then used to break down glucose to 
provide energy for the body. This happens in the 
mitochondria of cells. Carbon dioxide is one of the 
waste products 
of this, which is why we get a build up of this gas in our 
body that needs to be transported back into the lungs 
to be exhaled. 

The body can also respire anaerobically, but this Fulmonaty 
produces far less energy and instead of producing co2 
asa byproduct, lactic acid is produced. The body then 
takes a time to break this down after exertion has 
finished as the body has a so-called oxygen debt. * 







Pulmonary 
artery 


Capillary 
beds 
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Li i : The right lu ; We have excess Alveoli have massive : We breathe 11,000 litres 
Gg TOP Tung cppacky ° isbigsen +3 : lung capacity * surface area : epee 


Dependant on sex and body = The left lung is slightly smaller © On average, we only use about = One person's entire : On average, one individual will 
size, alongside external factors = ‘than the right because the left = one-eighth of the capacityof == alveoli laid out would have the = breathe in 11,000 litres of air a 
such as altitude, lung capacity = lung has tomakeroomforthe = our lungs foreach breathso = surface area of about 70cm? day. If we exercise heavily 
ranges between 4,000 and . heart to : we have a large reserve : - roughly half a : during that day, this will 
RESPIRATION 6,000cm’. > fitin. 5 volume. ¢ tennis court! : increase further. 











WOULINMP Trained free-divers con hold their breath underwater for up to nine minutes 












This is part of both the 
respiratory and digestive 





a 


o Chest cavity 
This is the space 
ow do we breathe? == 
a by the ribs, where 

























" i 7 j the lungs and 
\ comectvetissuecated “| The intake of oxygen into the body is complex biiceeenees 
Breathing is not something that we have to the alveoli at the ends, which are the final The space 
think about, andindeediscontrolledbymuscle —_ branching. The chest will beseen to rise eee 
contractions in our body. Breathing is because of this lung expansion. Alveoli are j moves: 
controlled by the diaphragm, which contracts surrounded by blood vessels, and oxygenand / 
and expands ona regular, constant basis. carbon dioxide are then interchanged at this \ 


Air is pulled into the 
body through the nasal 
passages and then passes 
into the trachea. 


Whenit contracts, the diaphragm pullsairinto —_ point between the lungsand the blood. Carbon 
the lungs bya vacuum-like effect. The lungs dioxide removed from the blood stream 
expand to fillthe enlarged chest cavity andairthatwas breathed in but not 
andairispulledrightthrough — usedisthen expelled from the lungs 
themazeoftubesthat — by diaphragm expansion. Lungs 
make up the deflate back toa reduced size 

lungs to when breathing out. 
























Lungs 
Deoxygenated blood 
arrives back at the 
lungs, where another 
gas exchange occurs 
at the alveoli. Carbon 
dioxide is removed and 
oxygen is placed back 





4. Bronchial tubes 


/é 
These tubes lead to either the into the blood. \ jE 
left or the right lung. Air \ / H 
passes through these tubes . \ 
into the lungs, where they Diaphragm : a 
through progressively This is a sheet of muscle situated Rib cage 
smaller and smaller tubes at the bottom of the rib cage This is the bone 
until they reach the alveoli. which contracts and expands to structure which 
draw air into the lungs. protects the 
1 organs. The rib 
Heart cage can move 
The ae nee slightly to allow 
oxygenat away for lung 
from the lungs, around expansion. 
= the body to tissue, 
6. Ribs where oxygen is needed 
These provide protection to break down glucose 


for the lungs and other 
internal organs situated in 
the chest cavity. 


into a usable form of 
energy. 


Tissue 

Oxygen arrives 
where energy is 
needed, and a gas 
exchange of 
oxygen and carbon 
dioxide occurs so 
that aerobic 
respiration can 
occur within cells. | 


Why do we need oxygen? 


We need oxygen to live as it is crucial for the release 
of energy within the body 














©DKimages 


Although we can release energy through more than a few minutes, an individual will die. 
anaerobic respiration temporarily, this method Oxygen is pumped around the body to be 

is inefficient and creates an oxygen debt that used in cells that need to break down glucose 
the body must repay after excess exercise or so that energy is provided for the tissue. The 


exertion has ceased. Ifoxygensupplyiscutofffor | equation thatillustrates this is: 


C.H,_,0,+60, = 6CO,+6H,O + energy 
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“The connections inside a brain are 
)) very similar to the internet - they are 
/ constantly exchanging information” 


Your 
brain 


The human brain is the most 
mysterious - and complex -— 
entity in the known universe 






















It’s a computer, a thinking machine, a fatty pink organ, anda 
| I vast collection of neurons - but how doesit actually work? The 
: human brain is amazingly complex - in fact, more complex 

ys \ than anything in the known universe. The brain effortlessly 
consumes power, stores memories, processes thoughts, and 
reacts to danger. 

Insome ways, the human brain is like a car engine. The fuel - which could 
be the sandwich you had for lunch ora sugar doughnut for breakfast - causes 
neurons to fire ina logical sequence and to bond with other neurons. This 
combination of neurons occurs incredibly fast, but the chain reaction 
might help you compose a symphony or recall entire passages of a book, 
help you pedal a bike or write an email toa friend. Basal ganglia (unseen) 

Scientists are just beginning to understand how these brain Pen etic mutta Cu 
neurons work - they have not figured out how they triggera STE cE Ca ny 
reaction when you touch a hot stove, for example, or why you can Lr ale eel ee! 
re-generate brain cells when you work out at the gym. eet ea tees Te ae al 

. eee : oo eee URN eed 

The connections inside a brain are very similar to the Disease can develop. 
internet - the connections are constantly exchanging 
information. Yet, even the internet is rather simplisticwhen 
compared to neurons. 


» 


There are ten to 100 neurons, and each one makes pete Te e 
‘ cee ; Tree cre eee ed 
thousands of connections. This is how the brain processes NE ere te eee 
information, or determines how to move an armand gripa eee M reef esc rme Lea 
surface. These calculations, perceptions, memories, and reactions occur Ue eer CoM aL 
almost instantaneously, and not just a few times per minute, but millions. also regulates some hormones. 


According to Jim Olds, research director with George Mason University, if 
the internet were as complex as our solar system, then the brain would be 
as complexas our galaxy. In other words, we havea lotto learn. Science has 
not given up trying, and has made recent discoveries about how we adapt, 
learn new information, and can actually increase brain capability. 


Inthe most basic sense, our brain is the centre ofall input and outputs in t arts of 


the human body. Dr Paula Tallal, a co-director of neuroscience at Rutgers = 
University, says the brain is constantly processing sensory information - it (2 eel lal 
even from infancy. “It’s easiest to think of the brain in terms ofinputs and So whatare the parts of the brain? According 
outputs,” says Tallal. “Inputs are sensory information, outputs are how our to Olds, there are almost too many to count 
brain organises that information and controls our motor systems.” -perhapsa hundred or more, depending on 
Tallal says one of the primary functions ofthe brain isin learning to predict who youask. However, there are some key 
what comes next. In her research for Scientific Learning, she has found that areas that control certain functions and store 


young children enjoy having the same book read to them again and again thoughts and memories. 
because that is how the brain registers acoustic cues that form into phonemes 
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Sperm whale 
The sperm whale has 
evolved the largest brain 
ever to exist on our planet, 
weighing as 

muchas nine kilograms or 
20 pounds. 








Cerebral cortex 

The ‘grey matter’ of the brain 
controls cognition, motor activity, 
sensation, and other higher level 
functions. Includes the 
association areas which help 
process information. These 
association areas are 















Mouse lemur | 
The smallest primate brain 
is owned by the pygmy 
mouse lemur of 
Madagascar and weighs in (itis 
at just 0.004 

pounds (2g). . 


Elephant 

At 10.5 pounds (4.78kg) it’s 
certainly a big one. But still, 
the brain of the elephant 
makes up less than 0.1 per 
cent of its body weight. 





ole 


Functions of the 
cerebral cortex 









erty a 

Consists of two cerebral hemispheres 
that controls motor activity, the planning 
te meme Mele kei 
cereale Coie 

Bie eee e ets 
Peer Te elt eR coP Ochs CU) 
for the main cortex). 


Tinsley 1c) 
BUT eee) 
Bee LC 
thinking, emotional 
Pe ea aL 
Tho Ce 
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what distinguishes the 
human brain from 
other brains. 


Frontal lobe 
Primarily controls senses 
such as taste, hearing, 
and smell. Association 
areas might help us 
determine language and 
the tone of someone's 
voice. 


Complex 
movements 





Speech 


Hearing 


Prefrontal cortex 

Executive functions such as complex 
planning, memorising, social and 
verbal skills, and anything that 
requires advanced thinking and 
interactions. In adults, helps us 
determine whether an action makes 
‘sense or is dangerous. 


(sounds) to become spoken words. 
“We learn to put things together so that they 
become smooth sequences,” she says. These 
smooth sequences are observable in the brain, 

interpreting the outside world and making sense of it. 
The brainis actually a series ofinterconnected 
‘superhighways’ or pathways that move ‘data’ from 
one part of the body to another. 

Tallal says another way to think about the brainis 
by lower and upperareas. The spinal cord moves 
information up to the brain stem, then up into the 
cerebral cortex which controls thoughts and 
memories. Interestingly, the brain really does work 
like a powerful computer in determining not only 
movements but registering memories that can be 
quickly recalled. 

According to Dr Robert Melillo, aneurologist and 
the founder of the Brain Balance Centers (www. 

















The cerebral cortex is the wrinkling 
part of our brain that shows up when 


you see pictures of the brain 


Skeletal movement Parietal lobe 
Where the brain senses 

_— touch and anything that 
interacts with the surface 


— of the skin, makes us 
aware of the feelings of 
our body and where we 
are in space. 


Touch and skin 
sensations 


Language 


Receives 
j signals 
from eyes 


Analysis of 
signal from eyes 


Temporal lobe 
What distinguishes the 
human brain - the ability to 
process and interpret what 
other parts of the brain are 
hearing, sensing, or tasting 
and determine a response. 


Analysis of 
sounds 


“Ina sense, the main function of 
the brain is in ordering information 
— interpreting the outside world 

and making sense of it” 


brainbalancecenters.com), says the brain actually 
predetermines actions and calculates the results 
about a half-second before performing them (or even 
faster in some cases). This means, when you reach out 
to opena door, your brain has already predetermined 
howto 

move your elbow and clasp your hand- maybe even 
simulated this movement more than once, before you 
even perform the action. 

Another interesting aspect to the brain is that there 
are some voluntary movements and some 
involuntary. Some sections of the brain might control 
avoluntary movement -suchas patting your knee toa 
beat. Another section controls involuntary 
movements, such as the gait of your walk -which is 
passed down from your parents. Reflexes, long-term 
memories, the pain reflex - they are all controlled by 
sections in the brain. 
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“Neurones are a kind of cell in the brain 
that works with nearby neurones to 
generate on electrical charge” 

























Neuron 

—_ Ny Aneuron is a nerve cell in 
A =~ the brain that can be 
p= activated (usually by 
glucose) to connect with 

other neurons and forma 


= 
bond that triggers an 
action in the brain. e a i n 
Neurotransmitter 


Aneurotransmitter is the 
“Natoneteasa Neurons fire like electrical circuits 
from oneneuronto —_ Neurons area kind of cell in the brain (humans have many cells in 
another along theaxon. the body, including fat cells, kidney cells, and gland cells). Aneuron 
A is essentially like a hub that works with nearby neurons to generate 
en ae anelectrical and chemical charge. Dr Likosky of the Swedish 
(measuring just afew Medical Institute says another way of thinking about neuronsis 
nanometres) between _ that theyare like a basketball and the connections (called axons) 
the neurotransmitter, —_ are Jike electrical wires that connect to other neurons. This creates 
\_. carried along the axon . - dog : : 
\ inthebrain,formsthe 2 kind of circuit in the human body. Tallal explained that input 
. electro-chemical fromthe five senses in the body cause neurons to fire. 
connection. “The more often a collection of neurons are stimulated together 
in time, the more likely they are to bind together and the easier and 
easier it becomes for that pattern of neurons to firein synchrony as 
well as sequentially,” says Tallal. 


’ Brain maps 


TrackVis generates unique maps of the brain 


TrackVis isa free program used by neurologists to see a map of the brain that shows 
the fibre connections. On every brain, these neural pathways help connect one part of 
the brain to another so that a feeling you experience in one part of the brain can be 
transmitted and processed by another part of the brain (one that may decide the touch 
is harmful or pleasant). TrackVis uses fMRI readings on actual patients to generate the 
colourful and eye-catching images. To construct the maps, the program can take 


' f ft { a several hours to determine exactly how the fibres are positioning in the brain. 
brain like? 


Ifyou could hold it in your hand... 


In pictures, the human brain often looks pink and spongy. 
According to Dr William Likosky, a neurologist atthe Swedish 
Medical Institute (www.swedish.org), the brain is actually 
quite different from what most people think. Likosky 
described the brain as being not unlike feta cheese in 
appearance -a fragile organ that 
weighs about1,500 grams and 
sags almost like a bag filled 

%, with water. Inthe skull, 
the brainis highly 
protected and has hard 
tissue, but most of the 
fatty tissue in the 

brain -which helps 

pass chemicals and 
other substances 
through membranes 
~is more delicate. 


© DK Images 
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100,000 miles of Headache not in The brain is Your brain uses Trillions of 

blood vessels the brain? 60% fat 20% of power connections 
There are a staggering Aheadache actually occurs Your brain is 60 per cent fat The brain is quite greedy; it The brain has trillions of 
100,000 miles of blood in blood vessels around the - which helps carry water and uses about 20 per cent of the connections - much 
vessels in the brain, that brain, not the brain itself. The protein through membranes to power in your body that is more than the internet, 
is enough to wrap around brain cannot feel any pain brain cells, keeping everything generated from food and more than can currently 
Earth four times. whatsoever. ticking over. consumption. be counted. 


Nerve triggers 

SUA eee lee cc R cee lols 
Eee nua ar oR 
is when we might feel the sensation of 
eet eT tle tote 


Na R roe ——{ 
Sea R eco nar ksi lg 


Cel Teele ea les 
Ue relat ocean) 
EVs lel hohe aa Tele ia 
Pree eee CE Ruer em eae 
Braco eee Royo mead 
bere ls oe 


iS see VN elec | 


Nerves carry signals throughout the = unmylinated 
body - a chemical superhighway 


COTS cr RUT Laa 
Ro Baie R cy 
Nerves are the transmission cables that carry brain waves in the EO eee lg 
human body, says Sol Diamond, anassistant professor atthe Thayer connection over a longer 
School of Engineering at Dartmouth. According to Diamond, nerves 
communicate these signals from one point to another, whether from 


[ele lilo mee ue E-1cy 
Pe csi Ect 
your toenail up to your brain or from the side of your head. 


PTR ty ad 
Beg oc eo 


What does the 
spinal chord do? 


The spinal cord actually 
is part of the brain and 
plays a major role 


Scientists have known for the 

past 100 years or so that the — 
spinal cord is actually part of 

the brain. According to 


Melillo, while the brain has 

grey matter on the outside 

(protected by the skull) and 

protected white matter on Nerve root “4 


the inside, the spinal cord is 
the reverse: the grey matter is 
inside the spinal cordand the 
white matter is outside. 





Spinal cord core 

In the core of the spinal cord, grey matter - 
like the kind in the outer layer of the brain - is for 
processing nerve cells such as touch, pain, and 
movement. 






Spinal nerve 


Neuronal fisrc 
tracts 





Grey matter cells 
Grey matter cells in the spinal cord yo 
cannot regenerate, which is why 

people with a serious spinal cord 

injury cannot recover over time. a a“ 

White matter cells can re- f 

generate. 


White matter cells 

White matter cells in the spinal cord 
carry the electro-chemical pulses 
up to the brain. For example, when 
you are kicked in the shin, you feel 
the pain in the shin and your brain 
then tells you to move your hand to 
cover that area. 


St” 


AX 


Neuroplasticity = 
In the spinal cord and in the brain, cells can rejuvenate over 

time when you exercise and become strengthened. This 

process is called neuroplasticity. 


Se 


Neurogenesis 

According to Tallal, by repeating brain 
activities such as memorisation and pattern 
recognition, you can grow new brain cells in 
the spinal cord and brain. 
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